



THE EFFECTS OF HYPOPHYSECTOMY AND ADRENALECTOMY
UPON EXPERIMENTAL DIABETES
DR. CYRIL N. H. LONG
George S. Cox Medical Research Institute, University of Pennsylvania
The characteristic disturbances in metabolism encountered in experimen-
tal and clinical diabetes are well known, but for the manner in which they
arise two interpretations have been advanced. One view is that the syndrome
is entirely due to failure of glucose oxidation following complete removal of
insulin from the body, and that the protein and fat stores are called upon to
support the metabolic demands. The second explanation advanced is known
as the over-production theory. The advocates of this view state that follow-
ing pancreatectomy a state of glandular imbalance is created so that the pro-
duction of glucose is increased without markedly decreasing its utilization by
the tissues. This theory, because of lack of experimental support, has been
largely abandoned, while the first view has been amply supported by experi-
ment. However, both theories have this in common, that following pan-
createctomy there is a marked stimulation in the production of glucose from
protein (gluconeogenesis) and an increased breakdown of fatty acids.
The concept that hypoinsulinism is the primary defect in clinical diabetes
has drawn attention to the anatomical alteration in the pancreas. But some
30 per cent of those dying of diabetes have no demonstrable lesion in the
pancreas. Also, in another condition, acromegaly or hyperfunction of the
anterior pituitary, glycosuria is frequent and frank diabetes not uncommon.
These facts have led to study of other organs as possible sites for the primary
disturbance in the disease.
The work of Houssay suggests that the pituitary, as well as the pancreas,
is involved in diabetes mellitus, and also throws light on the disturbances in
carbohydrate metabolism often encountered in disorders of the anterior
pituitary. The most striking changes in the diabetes following pancrea-
tectomy in hypophysectomized animals are the following: long survival;
absence of acidosis and ketonuria; decreased glucose and nitrogen excretion
under fasting; fluctuating blood sugar level; development of hypoglycemia;
and restoration of the diabetes by injection of anterior pituitary extracts.
There are at least three possible mechanisms through which hypophy-
sectomy may produce its effects: (1) By increasing or restoring the oxida-YALE JOURNAL OF BIOLOGY AND MEDICINE
tion and utilization of glucose. When this hypothesis is tested, it is seen that
hypophysectomy or, as will be shown, adrenalectomy, causes but little increase
in the capacity of the tissues of the depancreatized animal to utilize or oxidize
glucose, as determined by the excretion of fed glucose, by glucose tolerance
curves, and by respiratory quotient studies. (2) By diminishing gluconeo-
genesis and ketogenesis. In favor of this being the chief effect of hypophy-
sectomy are the facts that glucose, nitrogen, and acetone body excretion are
decreased even during fasting and that ketonuria and glycosuria return
promptly, and death in typical diabetic coma may result when anterior
pituitary extract is injected. (3) By decreasing the basal metabolic rate.
Although the basal metabolic rate of "Houssay" animals is much lower
than is that of a pancreatectomized animal, this is not the chief cause of the
amelioration of the diabetes in the former, since thyroidectomy does not pro-
tect against the full effects of pancreatectomy. Also, thyroxin administration
does not cause any marked change in the diabetes of hypophysectomized-
depancreatized cats. Therefore, it is possible to conclude that the chief
effect of hypophysectomy is to reduce the quantity of gluconeogenesis and to
decrease the amount of acetone body formation.
Since the majority of anterior pituitary hormones are trophic in nature,
there arises the question as to whether or not the effects of hypophysectomy
are mediated by another endocrine organ. The thyroid and the adrenal
are the other possibilities. The work of both Houssay and the author
excludes the thyroid, leaving the adrenal to be investigated. -
Since the adrenal actually comprises two distinct endocrine glands, it is
necessary to determine which one, through absence, is responsible for the
effects of adrenalectomy on experimental diabetes. The medulla is excluded
on the basis of the facts that epinephrin injections do not produce a true
diabetes nor increase gluconeogenesis or ketonuria in a "Houssay" animal and
that removal of epinephrin by splanchnic resection or medullary ablation does
not alleviate pancreatic diabetes.
Removal of all cortical tissue alleviates experimental diabetes in a manner
indistinguishable from that of hypophysectomy. Since the adrenalectomized
animals received adequate amounts of "cortin," the effects were not due to
the absence of the cortical hormone concerned with water and salt metab-
-olism. Also, hypophysectomized-depancreatized cats have adequate cortin,
but diabetes is alleviated. That the alleviating effects of adrenalectomy are
not due to the suppression of the diabetogenic activity of the anterior pituitary
is shown by the fact that anterior pituitary injections into adrenalectomized-
depancreatized animals do not produce any change in glucose excretion and
but small increases in ketonuria. Therefore, the evidence indicates that an
intact adrenal cortex is necessary for the diabetogenic action of the anterior
pituitary. It is assumed that the adrenal cortex contains another substance,
one under the trophic control of the anterior pituitary, concerned with glu-
coneogenesis and possibly ketogenesis. In this connection it may be noted
400that hypophysectomy brings about atrophy of the adrenal cortex limited to
the zona reticularis. Factors other than pancreatectomy which usually lead
to a stimulation of gluconeogenesis are fasting, phloridzin administration,
and an atmosphere with low oxygen tension. These are modified by hypoph-
ysectomy or adrenalectomy, even if cortin is administered. The change
consists in a decrease or absence of gluconeogenesis.
There is further clinical evidence that gluconeogenesis is disturbed by
disorders of the pituitary and of the adrenal cortex. Individuals with baso-
philic adenomas of the pituitary or with tumors or hyperplasia of the adrenal
cortex exhibit glycosuria in many cases.
Hence, it would appear that the adrenal cortex and the anterior pituitary
play important roles in the development of the diabetic syndrome. The
mechanism would appear to be a direct stimulation of gluconeogenesis from
protein and possibly also of ketogenesis by a secretion of the adrenal cortex
which is not cortin, the adrenal cortex, in turn, apparently being stimulated
by a product of the anterior pituitary. The knowledge that extrapancreatic
factors may be participating should assist in disclosing the causes of clinical
diabetes. A. A. R.
January 8
JOINT MEETING OF THE YALE MEDICAL SOCIETY AND THE
YALE CHAPTER OF SIGMA XI
PHYSIOLOGY OF THE PRIMATE UTERUS
FREDERICK L. HISAW
Professor of Zoology, Harvard University
Although the estrus cycle of the lower animals is not to be considered
identical with the menstrual cycle of the primates, it is obvious that certain
close similarities exist. In the cycle, estrus begins at ovulation, and then the
corpus luteum, which forms at the site of the ruptured Graafian follicle,
gradually develops, finally reaching its stage of greatest activity. It then
undergoes involution, and involution of the corpus luteum, in turn, is accom-
panied by the development of another Graafian follicle at another point in the
ovary. This follicle subsequently ruptures with the discharge of an ovum,
followed, once more, by the development of another corpus luteum. Thus,
in the ovary there are two structures which proceed in series, the follicle and
the corpus, and, as is well known, these have endocrine functions. Estrin,
the secretion of the follicle, initiates the period of estrus, while the secretion
of the corpus luteum (sometimes called lutein or progestin) prepares the
uterine mucosa for the implantation of the ovum in the event it is fertilized.
In the primate, essentially the same phenomena occur in the ovary, and, in
addition, the uterus responds characteristically to these constantly recurring
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endocrine bodies; the mucosa at one stage exhibiting growth and at another
destruction. This is the superadded phenomenon of menstruation. After
ovulation, as in the lower animals, the corpus luteum develops, the endo-
metrium meanwhile undergoing proliferation; as the corpus luteum disinte-
grates menstruation occurs. Despite this explanation, the process of menstrua-
tion is not entirely clear, and to this end the attempt to reproduce the
menstrual cycle artificially in primates was made.
The first studies were those of the action of estrin on castrate female
monkeys. The administration of estrin to such an animal results in the
formation in the endometrium of coiled glands which are not particularly
dilated. Thus, coiling of the endometrial glands, which normally takes
place during the menstrual cycle, is brought about by estrin. When the
administration of estrin is brought to an end, bleeding ensues. If a female
monkey is castrated during the follicular cycle, menstrual bleeding occurs in
four or five days. If, however, estrin is administered bleeding is delayed for
a time, but finally occurs when the physiological limit to inhibition of bleeding
is reached, this, in the monkey, is represented by the level of approximately
100 rat units of estrin. While bleeding is being thus delayed, the endome-
trial glands continue to function, but with decreasing vigor until the stage of
"secretory exhaustion" is reached; this begins on about the 15th day and is
complete on the 21st day.
By administering anterior pituitary extract it is possible to induce at will
growth of the Graafian follicle, ovulation, and formation - of the corpus
luteum. Thus, a means is provided which makes it possible to study the
effect of estrin and progestin in the sexually immature primate. Estrin,
acting alone on the immature primate uterus increases the size of this organ.
If this is followed by progestin (estrin now no longer being administered),
the endometrium becomes thickened. If the endometrium is now mechan-
ically stimulated a decidual reaction occurs. If estrin and progestin are given
simultaneously the uterus increases greatly in size, more than in the first
instance when estrin was administered alone; this possibly indicates the dual
relationship of these two hormones in bringing about the great size of the
gravid uterus. If progestin is administered indefinitely menstruation is like-
wise indefinitely inhibited.
Estrin alone also has a noticeable effect upon the cervical glands, causing
the appearance here of metaplastic bodies. These bodies have a marked
"pre-cancerous" appearance. However, they do not appear in the normal
cycle because they are either destroyed by progestin or else this hormone
makes it impossible for them to appear by preventing estrin from over-
stimulating the cells of the cervical glands.
The uterus is by no means the only site of change during the various
phases of the menstrual cycle, for the mucosa of the entire genital tract is
involved in the periodic fluctuations of growth and regression. The most
obvious changes are those that take place in the vaginal mucous membrane.
402Normally, in the monkey, the mucosa is very thin both at menstruation and
during pregnancy, and is thickest between menstruations. Estrin is responsi-
ble for this thickening, for it will bring about this change when administered
alone to a female castrate monkey, while progestin given alone causes no
change whatever. When progestin and estrin are given together marked
changes take place in the appearance of the cells of the vaginal mucosa and
they undergo cornification; when these injections are continued cornification
ceases and the cells are sloughed off, and, finally, the vaginal mucosa takes
on the appearance of that in the castrate animal. Even if as much as 200 to
300 rat units of estrin are administered each day no thickening of the vaginal
mucosa occurs if this hormone is properly balanced with corpus luteum
hormone. A. B. B.
January 18
THE HYPOPHYSIS AND CARBOHYDRATE METABOLISM
DR. BERNARDO A. HOUSSAY
Professor of Physiology, University of Buenos Aires
In attempting to establish the physiological function of an endocrine
gland it is important to have criteria that will determine whether a given
effect depends on the pharmacological action of tissue extracts or represents
a normal hormonal activity of the organ studied. To attribute a given
function to one of the glands of internal secretion, it must be shown (1)
that extirpation of the gland produces a specific deficiency, (2) that this
deficiency can be abolished by an implant of the gland or by administration
of an extract of it, (3) that excessive dosage of an extract exaggerates the
effects produced by the normal gland. On the basis of such criteria it may be
considered as established that the anterior lobe of the pituitary produces
hormones regulating (1) growth and differentiation, (2) maintenance of
the individual organism, (3) maintenance of the species-the sex-regulating
hormones,-and (4) metabolic activity. The present discussion deals with
the last category.
The basal metabolic rate is maintained by the anterior pituitary. This
action is carried out indirectly through the thyroid gland. Hypophysectomy
leads to atrophy of the thyroid epithelium. There is a "tonic" action on the
basal metabolic rate by maintenance ofthe functional level ofthe thyroidgland.
The pituitary has been shown to influence mineral metabolism in certain
respects. In dogs the serum potassium level is lowered following hypophy-
sectomy. The percentage of iodine found in thyroid tissue is increased by
the removal of the pituitary, and immediately after this operation the blood
iodine rises, then progressively falls to a normal level. Injection of hypophy-
sectomized animals with anterior pituitary extract causes a fall in the iodine
level of the blood.
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Protein metabolism is greatly influenced by the anterior pituitary.
Hypophysectomized animals receiving a normal diet have a nitrogen excretion
equal to that of normals; but in starvation the nitrogen excretion falls to
only two-thirds of normal (for a starving animal). This has been shown to
be true in dogs, toads, and rats. It also holds for animals on a protein-free
diet or phloridzinized subjects. Creatinine excretion is also diminished in such
animals even when they are fed, but the reduction becomes much more pro-
nounced in the phloridzinized preparation. This is taken as evidence that
hypophysectomy leads to a decrease in endogenous protein metabolism and this
is accentuated when such endogenous sources of energy are called upon in
starvation or phloridzinization. Extirpation decreases uric acid excretion
also, but allantoin is put out in larger quantities than normal. In hypopitui-
tarism as in myxedema the plasma proteins are increased.
Fat metabolism in its relationship to the endocrines has been studied pri-
marily as regards ketonuria and ketonemia. In the phloridzinized dog
hypophysectomy produces a diminution of the ketonuria. Furthermore,
anterior pituitary extract will produce ketonuria in a normal animal; this
effect apparently cannot be demonstrated after thyroidectomy.
The influence of the pituitary on carbohydrate metabolism is important.
With an adequate diet the blood sugar level of the hypophysectomized animal
is normal, and not low as has been reported. There is, however, a marked
tendency to hypoglycemia during fasting. Operative procedures are also
likely to depress the level of blood glucose. Particularly striking is the
so-called "insulin sensitivity"-of the hypophysectomized animal. Administra-
tion of insulin may rapidly produce convulsions and death due to hypoglycemia
and to a presumed toxic action of insulin in these animals. Sensitivity of this
type has been demonstrated in cats, dogs, toads, monkeys, rabbits, and man.
It is present in the pancreatectomized hypophysectomized preparation. Pitui-
tary extract abolishes the phenomenon. Insulin sensitivity is not related to
the adrenal gland.
Many of the symptoms of pancreatic diabetes are relieved by hypophy-
sectomy. In the toad, dog, and other animals the hyperglycemia following
pancreatectomy is markedly diminished following removal of the entire
pituitary gland or of its anterior lobe only. The diabetic symptoms return
following injections of anterior pituitary extracts. Lesions of the tuber
cinereum produce only a moderate relief of diabetic symptoms. In addition
to a lowering of the degree of hyperglycemia there is a diminution of gly-
cosuria, a lowering of the dextrose-nitrogen ratio, a lowering of blood lipids,
an increase in liver and muscle glycogen, and decreased nitrogen excretion.
Although these values do not return to within normal limits they are much
nearer normal than in the pancreatectomized animal with an intact pituitary.
That hypophysectomy enables the depancreatized animal to utilize carbohy-
drate is proved by the rise in respiratory quotient after glucose administration
and the improved glucose tolerance in the "Houssay" animal.
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by protein or carbohydrate feeding, but not by administration of fat. The
glycosuria of these animals is less than in phloridzinized controls with the
pituitary intact.
The extracts of the anterior lobe have a definite diabetogenic action, not
demonstrated in like degree by products of the middle or posterior lobes.
The liver must be present for this action to be manifest. The extract pro-
duces hyperglycemia, resistance to insulin, diminished glucose tolerance, with
glycosuria and ketonuria. It abolishes the rise in respiratory quotient follow-
ing glucose injection. It causes a fall in liver glycogen in normal, thyroidec-
tomized, and "Houssay" animals. Adrenalectomy does not alter the diabeto-
genic action of the extract. When the administration of the product is
discontinued blood sugar falls and liver glycogen rises.
The evidence of a very close association between the pituitary gland and
diabetes may be summarized as follows:
1. The diabetes of a pancreatectomized animal improves markedly fol-
lowing hypophysectomy. This improvement disappears when pituitary im-
plants are made or extract administered.
2. Anterior pituitary extract renders the normal animal resistant to the
action of insulin.
3. Diabetic symptoms can be produced in the normal animal by anterior
pituitary extract.
4. Hypophysectomy renders a normal animal hypersensitive to insulin.
5. There is a high incidence of glycosuria in chromophil adenomata of
the pituitary (acromegaly). J. D. R.
NEUROLOGICAL STUDY UNIT
January 14
ACCLIMATIZATION TO HIGH ALTITUDES: RESULTS OF THE




A report, preliminary to publication, of a series of studies relating to the
psychological effects of decreased oxygen tensions on human subjects with
rebreathing devices and in chambers at sea-level, and in aeroplane and moun-
tain ascents to high altitudes.
These studies were initiated in 1927-28 at Cambridge, England, under
the supervision of Prof. F. C. Bartlett and Sir Joseph Barcroft. Members
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of the Cambridge University air squadron were submitted to psychological
tests while breathing low percentages of oxygen from a large Douglas bag.
The deterioration in neuromuscular control, choice reaction times, and other
mental functions was especially noticeable in the neighborhood of 10 to 12
per cent of 02, corresponding to an altitude of from 15,000 to 20,000 ft.
With lower percentages there were unusual emotional reactions and insidious
mental effects not unlike those observed in alcoholism and certain mental
disorders.
More recently, a series of studies has been completed on psychoneurotics
with psychological and biochemical tests in 50 and in 10 per cent oxygen,
with adequate control sessions and control groups. The psychoneurotics,
for the most part, appeared to be sensitive to a deficiency of oxygen and
approximately three-fourths of the group collapsed in the low oxygen. They
also indicated unfitness in adapting to a variety of other tests involving neuro-
circulatory reactions, temperature changes, and various tolerance tests.
In cooperation with Dr. A. L. Barach, an analysis has been made of
the effect of alcohol as a form of histotoxic anoxemia. It was found that the
lactic acid and the blood alcohol curves and the responses to psychological
tests could be significantly improved by placing subjects in a chamber with
50 per cent 02 and 2 per cent CO2.
As a member of the International High Altitude Expedition to Northern
Chile in the summer of 1935, the writer gave a series of psychological tests
to the ten members of the Expedition during gradual acclimatization to alti-
tudes approximating 9,000, 15,500, 17,500, and 20,000 ft. The tests
related to the sense organs, especially vision and audition, and to mental
functions and neuromuscular control. Contrary to previous reports of the
psychological effects of high altitude, no significant deterioration was mani-
fested until 17,500 ft. At this altitude and at 20,000 ft. there was an
impairment in memory and an increased "mental lag," as shown in tests of
perseveration and quickness of perception. There was a tendency toward
increased fatigability of the muscles of accommodation and convergence, a
lengthening of the negative after-image, and a very slight auditory impair-
ment for the higher tone frequencies. The tests on the Chilean natives work-
ing in a mine at 19,000 ft. and living the year round at 17,500 ft. showed
only a slight retardation as compared to those on a similar group of natives
living at sea-level. The more complete physiological adaptation of the natives
as compared to the members of the Expedition was very striking. The value
of the psychological tests should be greatly increased by the very complete
physiological and biochemical measurements with which the Expedition was
chiefly concerned.
Dr. E. H. Christensen of Copenhagen and the writer carried out a series
of physiological and psychological tests while in trans-Andean aeroplanes.
Ammonium chloride was ingested to counteract the over-breathing associatedEVENTS 407
with altitude. There was an indication of a beneficial effect, but the air-
sickness associated with the sudden movements of the plane complicated the
interpretation of the results.
NEW HAVEN MEDICAL ASSOCIATION
December 18
A REVIEW OF APPENDICITIS IN THE PAST FIVE YEARS AT
GRACE HOSPITAL
DR. RALPH W. NICHOLS
The incidence of appendicitis has been uniform during the past 15 years,
but the mortality has increased from 1.4 per cent for the period 1920-24 to
2.05 per cent for the period 1930-34. It is typically a disease of youth, with
72 per cent of the cases occurring in those under 30 years of age. The
mortality for those under 10 years of age is high; from 10 to 30 years of
age it is low, and it increases in those over 30 years old to reach 75 per cent
in those aged over 70. The monthly incidence is fairly uniform with a slight
peak in July and August. The morbidity, which averaged 9 days in the
non-fatal cases, was higher in the drained than in the undrained cases. The
fatal cases usually died in from 5 to 6 days. The mortality increased with
the duration of the disease and depended on whether or not peritonitis was
present. Since in 90 per cent of the fatal cases, the pre-operative duration
was two days or more, the best possible way of lowering the mortality is
early recognition and prompt surgical treatment. A. A. R.
EMOTION AND DIARRHEA
DR. ALBERT J. SULLIVAN
The purging effect of strong emotion has been long known, and numer-
ous cases are recorded in which a variety of physical states have proved to be
the causative factor in producing diarrhea. Thus, while the etiology of some
acute diarrheas was understood, that chronic emotional upset may produce
chronic diarrhea has been more difficult to accept, and even now there are
some physicians who maintain that ulcerative colitis is always of bacterial
or protozoan origin.
Ulcerative colitis was shown to be, in some cases, a psychogenic disorder
when it became desirable to investigate the psychological states in a group of
these patients. The condition occurred in young adults who had been unable
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deficient personalities. Psychotherapy has done many of these much good.
Some patients get well regardless of therapy, nevertheless it is important that
the social and psychological background in cases of this type be investigated
thoroughly. A. A. R.
February 5
TYPES OF EDEMA AND THEIR TREATMENT
DR. HENRY A. CHRISTIAN
Harvard Medical School
Stored water in the body is harmful only in proportion to its amount and
location. One or two liters may not be detectable in the subcutaneous
tissues, but if collected in the cranium or pericardium may cause severe
physiological embarrassment. Edema is an important sign to the physician
as to the etiology of a patient's complaint, and discomfort is the chief indica-
tion for treatment, which depends on a knowledge of the mechanism that
produces the extra fluid. Clinical observation recognizes several physiological
mechanisms: (1) Circulatory disturbance which may be cardiac, hepatic, or
venous obstruction with or without lymphatic obstruction and vice versa.
(2) Renal-associated with acute or chronic states of nephritis. (3) Nutri-
tional-partial and specific (vitamin deficiency as in beri-beri) or complete;
protein loss from excessive diarrhea or as part of an anemia; nephrotic syn-
drome (overlapping of types often occurs). (4) Angioneurotic edema often
associated with skin lesions. (5) Febrile conditions with inflammation.
(6) Endocrine-myxedema and others more obscure in origin.
If possible, the cause of the edema should be treated; but although under-
stood it is often not amenable to direct attack. The ideal treatment would
reach both cause and symptom. Usually, effort can only be effective in
increasing the excretion of fluid.
The action of diuretics is to remove from the body water and its solutes,
water being the important part. There is not only great variation in the
response of individual patients and of patients with analogous types of edema
to various diuretics, but also variation in the response to a given procedure
in patients with different types of edema. Empirical choice is the logical
clinical method. Water itself may increase diuresis in one patient and
decrease it in another. Not infrequently a water-logged individual may be
actually dehydrated in many of his tissues-for instance, a cirrhotic patient,
who is dehydrated above his diaphragm. The simplest diuretics are the salts
(Na, Ca, K, Mg, and NH4) and urea. Mercury in the form of calomel
was formerly administered in extraordinarily large doses to obtain diuresis,
and the oral route had a decided advantage. Salyrgan or Novasurol by intra-
venous or intramuscular injection in an average dose of 0.1 gm. are most
408popular at present and are preceded by a 2- to 3-day course of NH4Cl or
NH4NO3. Mercupurine (Hg + xanthine) is also useful, and this drug
with the purine fraction eliminated has been found effective in suppository
form, a very convenient mode of administration. It will probably be issued
under the name of Mercurine, the standard dose being 0.5 gm. The pure
xanthine diuretics are at present under slight eclipse, probably because of the
multiplicity of their manufactured forms. They do not require the pre-
liminary preparation of the patient by salts like NH4Cl. Theobromine and
theophylline possess definite value in certain cases. Measures directed at
restoring lost protein or changing the osmotic pressure of the blood serum
have diuretic action and are accomplished by such procedures as transfusion
and infusion of gum acacia. Febrile conditions and deficiency disease are
treated specifically, i.e., myxedema with thyroid, primary anemia with liver;
or symptomatically, and in either case diuresis is a secondary consideration.
The circulatory and renal groups are the only ones that need treatment
to remedy both cause and symptom. The water-logged cardiac suffering
from a non-valvular type of insufficiency with or without hypertension usually
responds to any kind of therapy, particularly to rest and digitalis. Patients
with valve lesions vary widely in their response to various types of treatment
and drugs. Fluid in the chest seldom can be relieved via urinary or gastro-
intestinal tract and must be removed by needle. The time to tap the chest
is when signs of fluid are found; following this, the remaining edema may
respond to drug therapy. It is important to remember that an effective
diuretic given late in the afternoon or evening will produce a sleepless night.
Therefore, the interval between dose and effect should be known so that the
patient can eliminate during the day.
In contrast to the water-logged cardiac is the patient with edema of renal
origin. There is no element of disturbed hydrostatics or acute circulatory
failure. Digitalis and xanthines are not effective, but the mercurials (and
lately the mercurine suppository) have been found beneficial and safe despite
the reputation of mercury as a kidney irritant. Naturally, it would not be
prescribed in acute nephritis or in a case manifesting urinary retention. Urea
in doses of 60-90 gms. per day may produce excellent results if the patient
can take it. Patients who have edema associated with low serum proteins
should receive a rich protein diet. Transfusion adds protein to the serum
and an infusion of 400-500 cc. of 15 per cent acacia solution will often induce
considerable diuresis and add nutritive value as well.
Hepatic edema of the cirrhotic type is perhaps the most disappointing kind
to treat. A mercurial drug or urea usually produces a good diuresis, but does
not affect the ascites much. The abdominal fluid should be removed mechan-
ically and the patient given a diuretic in order to defer the next tap as long
as possible. Operative procedure (omentopexy), if used, should be instituted
early with diuretic therapy to allow time for adhesions to form. Heat applied
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over the abdomen favors fibrous organization by vasodilation. The disad-
vantage in repeated tapping lies in the removal of large amounts of fluid
containing considerable protein which depletes the blood serum and ulti-
mately the tissues. H. H.
NEW HAVEN SECTION, AMERICAN CHEMICAL SOCIETY
December 16, 1935
HEMAGGLUTININS, PLANT TOXINS, AND THE ROLE OF PROTEINS
IN IMMUNOCHEMISTRY
JAMES B. SUMNER
Cornell University Medical College
That red blood cells may be agglutinated by substances of plant derivation
was demonstrated by Dixon, as long ago as 1870, in work on the ricin
derived from the castor-bean. Subsequent study has shown that hemag-
glutinins are of rather common occurrence in plants, in animal serums, in
venoms, milk, and in bacteria (or bacterial products). The agglutinins of
plants may also be toxic, as is the case with ricin, where 0.00005 mg. per kg.
is lethal for the rabbit. Such phytotoxins are, in general, much less toxic
when ingested than when injected, and in the case of ricin the symptoms
appear in from six hours to a week after administration, the symptoms being
referable to action on the reticulo-endothelial system, the blood, and the brain.
Such toxins are relatively resistant to heat and to chemical treatment, and
are antigenic, and, although their nature chemically has been a matter of
dispute, some of them, such as ricin, can be destroyed and detoxified by the
action of trypsin.
Prior to 1935 none of the hemagglutinins had been isolated in crystalline
form, although crystalline globulins had been obtained. The hemagglutinin
of the jack-bean is such a globulin; soluble in saline solutions, cane sugar, and
in glycerol, resistant to N/I0 HCI, and readily digested by pepsin. After
hydrolysis its ability to agglutinate red cells is lost. Two distinct globulins,
concanavalin A and B, can be crystallized, and a derived crystalline protein,
concanavalin C, can also be obtained. The hemagglutinin, concanavalin A,
is somewhat selective in its action, since it agglutinates the red cells of the
horse, dog, rat, and rabbit, acts but weakly on those of the cow, pig, goat, and
sheep, and is devoid of action on human cells. But the types of cell acted
upon vary with the hemagglutinin, those agglutinated by ricin or by abrin
differing from those susceptible to concanavalin A. Possibly differences in
the range of action are referable to stereochemical differences in the hemag-
glutinin. D. C. L.
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